Abstract: With China's rapid economic growth, energy-related CO 2 emissions have experienced a dramatic increase. Quantification of energy-related CO 2 emissions that occur in China is of serious concern for the policy makers to make efficient environmental policies without damaging the economic growth. Examining 33 productive sectors in China, this paper combined the extended "Kaya identity" and "IPAT model" with the Log-Mean Divisia Index Method (LMDI) to analyze the contribution of various factors driving of energy-related CO 2 emissions in China during 1995-2009. Empirical results show that the main obstacle that hinders China's transition to a green energy economy is the economic structure characterized by high carbon emissions. In contrast, the increased proportion of renewable energy sources (RES) and the improvement of energy efficiency play a more important role in reducing carbon emissions. Moreover, the power sector has a pivotal position in CO 2 emissions reduction, primarily because of the expansion of electricity consumption. These findings suggest that policies and measures should be considered for various industrial sectors to maximize the energy efficiency potential. In addition, optimizing the industrial structure is more urgent than adjusting the energy structure for China.
Introduction

Background information
Climate change is one of the most challenging world issues in this century [1] . As the primary greenhouse gas (GHG), CO 2 emissions contribute approximately 60% of the total greenhouse effect in the world [2, 3] . Since 2007, China's CO 2 emissions caused by energy consumption have overtaken USA's CO 2 emissions for the first time and are ranked first in the world [4] . The rapid growth of energy consumption and the induced CO 2 emissions have put much pressure on China. In response, China has made some unequivocal commitments to address CO 2 emissions [5] . At the Climate Conference in Paris in 2015, the Chinese government defined a more ambitious scenario. For 2030, the carbon intensity must be reduced by 60%-65% (40%-45% for 2020) of 2005 levels and new energy, including nuclear and Renewable Energy Sources (RES), must account for 20% in the energy matrix (15% for 2020). To achieve these commitments, precise quantification of the CO 2 emissions change in China is critical. The best way to succeed is to make policies that focus on the crucial drivers of CO 2 emissions while avoiding inhabiting economic growth.
From the perspective of different sectors, this paper addresses the topic of a green energy economy, focusing on CO 2 emissions and investigates energy efficiency and the role of RES, which are regard as the main factors to offset increased CO 2 emissions. Data were obtained from the World Input-Output Database (WIOD) and determined the period under consideration. WIOD provides National Input-Output tables and data on energy use and, CO 2 emissions of 35 productive sectors that can be used in comparative analysis between the different sectors. Moreover, two obvious benefits are obtained through comparative analysis. On the one hand, it is possible to compare the effects of different sectors on CO 2 emissions in a particular year. On the other hand, the shifting pattern of the contribution rates of each sector can be fully reflected from time series data. Subsequently, the energy policy based on the results of quantitative studies, which look at department subdivisions, has better maneuverability.
Literature Review
In the recent decade, much of the literature has probed the factors influencing CO 2 emissions. There are primarily two approaches to the research: econometric analysis [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] and decomposition methods [16] [17] [18] [19] [20] [21] [22] [23] [24] [25] [26] [27] [28] [29] [30] [31] . Compared with econometric analysis, the decomposition method has the following advantages: (1) it has a lower requirement in the time span of the data; (2) it is not bound by the economic theory; and (3) each influencing factor of CO 2 emissions can been accurately identified in every year.
Decomposition analysis has been widely utilized to quantify the variations in energy consumption and CO 2 emissions. There are primarily three categories of the decomposition approach: Structure Decomposition Analysis (SDA), Index Decomposition Analysis (IDA), and Production-theoretic Decomposition Analysis (PDA) [29] . Compared with the other methods, IDA is the most commonly used in energy and environmental studies owing to its obvious advantages such as theoretical foundation, adaptability, ease of use, and result interpretation [32, 33] . Since the 1980s, literature on decomposition based on Divisia-type indices has been extremely prolific in various countries and regions, including India [34] , Turkey [35] , Korea [36, 37] , Brazil [26] , Portugal [38] , the Soviet Union [39] , the European Union [40, 41] , Greece [42, 43] , Latin America [44, 45] , Italy [46] , Spain [47] , Ireland [48, 49] , and Mexico [45] .
In China, decomposition analysis of emissions has also been extensively utilized. In general, these studies can be divided into three categories from the perspective of the object of study. The first category takes the aggregate CO 2 emissions in China as the research object. For example, Wang et al. [24] applied an LMDI method to analyze the changes in aggregate CO 2 emissions in China during 1957-2000. This study indicated that the decrease of CO 2 emissions was mainly due to improved energy intensity. Zhang et al. [16] analyzed the nature of the factors that influence changes in energy-related CO 2 emission from 1991 to 2006. This research discovered that energy intensity is the dominant contributor to the decline in CO 2 emissions whereas economic activity is the most important contributor to increased CO 2 emissions. Yuan et al. [50] used the SDA method to decompose China's aggregate CO 2 emission into five different factors during 2002-2007. Zhang et al. [29] applied the LMDI method to decompose the changes in China's carbon emissions and carbon emission intensity from 1996 to 2010 and analyzed the decoupling relationship between carbon emissions and economic growth in China. Xu et al. [21] analyzed factors that influence carbon emissions due to fossil energy consumption in China to identify key factors for policies promoting carbon emission reductions. The second category decomposed CO 2 emissions from a sector perspective. For instance, both Wang et al. [51] and Guo et al. [52] investigated the potential factors influencing the change in China's transportation CO 2 emissions. Tian et al. [53] addressed the driving forces of GHG emission in the Chinese iron and steel industry for 2001-2010. Liu et al. [54] utilized decomposition and attribution analyze to analyzed the changes in carbon intensity in China's industrial sector. Fan et al. [55] identified the driving forces of emissions in the residential sector. Ouyang et al. [56] analyzed the change in energy-related CO 2 emissions in China's industrial sector from 1991 to 2010. Lin et al. [57] Although decomposition analysis has been extensively applied in China, some gaps are highlighted in the literature. First, the majority of previous studies focused on aggregate emissions or specific sectors (e.g., industry, transport, food industry and residential sector); however little attention has been paid to sector disparities in the driving forces of emissions. Second, most of the previous literature has centered on the presentation of quantitative results without discussing the underlying causes. More importantly, much of the previous research has emphasized the negative effect of coal use in carbon emissions abatement but rarely discussed the promotion effect of RES to reduce carbon emissions.
To fill in the above gaps, this paper identifies the key drivers behind China's CO 2 emissions and focuses on the sector disparities based on the extended version "Kaya identity" and IPAT equation [45, 61, 62] . Thirty-three sectors were considered, which coincides with the WIOD database. Moreover, based on the decomposition results, the underlying policies and measures implemented were evaluated, and the role of RES in the low-carbon process was discussed. Because of its adaptability, ease of use, and result interpretation, we utilized the Log-Mean Divisia Index Method I, which was proposed by Ang and Choi [63] and revised by Ang [32] , to decompose the changes in CO 2 emissions in China during 1995-2009, coinciding with the time period of the WIOD database.
Methodologies and Data Definitions
Methodologies
Based on the Kaya identity and IPAT equation, the impact of five explanatory factors was identified and quantified in this study, including the population factor (P), economic activity factor (EA), energy intensity factor (EI), economic structure factor (ES), and carbon intensity factor (CI). The factor P refers to the effects of population growth as a determinant for energy demand. The factor EA expresses the effects of output per capita on CO 2 emissions increment. The EI factor, energy intensity, corresponds to energy consumption per unit of output. In this paper, the economic output per sector is derived from the Input-Output Tables and the output is transformed into 1995 constant prices. The ES factor is defined as the structural composition of China's economy. Finally, the CI factor describes the ratio of CO 2 emissions and energy consumed. This factor represents the quality of the energy mix from the view of CO 2 emissions.
The LMDI I analysis of total CO 2 emissions from industrial sectors in China was conducted by the following equation (Equation (1)):
where, CO 2 indicates the total CO 2 emissions from China; P denotes the Population; Y represents the total output; Y i indicates the output of sector i; E i represents the energy consumption of sector i; and C i is the CO 2 emissions of sector i. 
The term w t i is the estimated weight for the addictive LMDI I and this weight is defined as
Database
The data used in this study comes from the World Input-Output Database (WIOD). The World Input-Output Database has been developed to analyze the effects of globalization on trade patterns, environmental pressures and socio-economic development across a wide set of countries. The database covers 27 EU countries and 13 other major countries in the world for the period from 1995 to 2009 [64] . This database is heavily grounded upon official statistics from national statistical institutes and it was opened to the public in 2012 [47] .
One of the advantages of this database is that it includes 35 industry sectors making it convenient to see which sector is the main driving factor of energy consumption, and moreover, of CO 2 emissions. The WIOD environmental account offers information about energy consumption and CO 2 emissions categorized by industry sectors, but only for the period of 1995-2009. We chose to use WIOD database because it allows a multi-sector analysis. It should be noted that the data are missing in two sectors: the Sales, Maintenance and Repair of Motor Vehicles and Motorcycles sector and the Private Household with Employed Persons sector. Therefore, there were 33 industry sectors included in this study. Table 1 shows these sectors. In particular, the data of energy consumption and the CO 2 emissions came from the Environmental Accounts of WIOD. The outputs of the 33 industry sectors were derived from the National Input-Output Tables. Population data came from the China Statistical Yearbook (CSY) [65] . The electricity mix data were derived from the China Energy Statistical Yearbook (CESY) [66].
Empirical Results and Analyses
The variation of CO 2 emissions during 1995-2009 is shown in Figure 1 consecutively. In the upper section of the figure, the contribution of the influencing factors appears in a bar graph, while the changes in total CO 2 emissions appear as a line. The variation of CO 2 emissions appear as percentages at the bottom of Figure 1 In particular, the data of energy consumption and the CO2 emissions came from the Environmental Accounts of WIOD. The outputs of the 33 industry sectors were derived from the National Input-Output Tables. Population data came from the China Statistical Yearbook (CSY) [65] . The electricity mix data were derived from the China Energy Statistical Yearbook (CESY) [66].
The variation of CO2 emissions during 1995-2009 is shown in Figure 1 consecutively. In the upper section of the figure, the contribution of the influencing factors appears in a bar graph, while the changes in total CO2 emissions appear as a line. The variation of CO2 emissions appear as percentages at the bottom of Figure 1 for each factor. The total variation is explained by the sum of these factors in absolute values. 
Economic Activity (EA)
The results in Figure 1 show that the EA factor is the dominant driving force in increased CO2 emissions. Compared to Spain [47] , the factor EA in China plays a more important role in the increment of CO2 emissions. It indicates the rapid growth of economic activity in a developing country leads to more CO2 emissions. As Figure 1 shows, the weights of the EA contributions were negative in 1997, 1999 and 2000. This result must be viewed cautiously. It does not mean the EA factor decreased CO2 emissions in these three years. Comparing the change in CO2 emissions with the contributions of EA, it can be found that the total CO2 emissions declined in 1997, 1999, and 2000 while the EA factor inhibited the reduction progress. In fact, it indicates that in these three years, the EA factor also increased CO2 emissions.
According to the decomposition results, EA  , the CO2 emission changes from economic activity increased by 7. 
The results in Figure 1 show that the EA factor is the dominant driving force in increased CO 2 emissions. Compared to Spain [47] , the factor EA in China plays a more important role in the increment of CO 2 emissions. It indicates the rapid growth of economic activity in a developing country leads to more CO 2 emissions. As Figure 1 shows, the weights of the EA contributions were negative in 1997, 1999 and 2000. This result must be viewed cautiously. It does not mean the EA factor decreased CO 2 emissions in these three years. Comparing the change in CO 2 emissions with the contributions of EA, it can be found that the total CO 2 emissions declined in 1997, 1999, and 2000 while the EA factor inhibited the reduction progress. In fact, it indicates that in these three years, the EA factor also increased CO 2 emissions.
According to the decomposition results, ∆EA, the CO 2 emission changes from economic activity increased by 7.2 billion tons during 1995-2009, which is 2.1 times the total CO 2 emissions changes. Over the study period, China's economy witnessed sustained takeoff and the average growth rate reached 13.7%. Even during the Asia financial crisis in 1997 and the international financial crisis in 2009, the growth rates were 9.4% and 8.1%, respectively [29] . However, it should be noted that this rapid economic growth was supported by tremendous energy consumption. As shown in Figure 2 , from 1995 to 2009, the energy consumption in China increased from 45 million terajoule (TJ) to 114 million TJ. Correlation analysis showed that the two variables of GDP and energy consumption are significantly correlated at 0.01 level and the Pearson correlation coefficient is as high as 0.969.
6 of 18 crisis in 2009, the growth rates were 9.4% and 8.1%, respectively [29] . However, it should be noted that this rapid economic growth was supported by tremendous energy consumption. As shown in Figure 2 , from 1995 to 2009, the energy consumption in China increased from 45 million terajoule (TJ) to 114 million TJ. Correlation analysis showed that the two variables of GDP and energy consumption are significantly correlated at 0.01 level and the Pearson correlation coefficient is as high as 0.969. As shown in Figure 2 , the growth rates of CO2 emissions were relatively high during 2001-2004. This period coincides with China's 10th Five-Year Plan, which emphasized the growth of export. The Chinese accession to the World Trade Organization (WTO) in 2001 has stimulated the formation of an export-led economic mode in China. Meanwhile, the progress of urbanization and industrialization also increased energy consumption that in turn promoted CO2 emissions. It has been seen from Figure 2 that since 2005, the growth rate of CO2 emissions has slowed gradually. This is due to the implement of the "Medium and Long Term Energy Conservation Plan," which was launched by the National Development and Reform Commission (NDRC) in May 2005. In Figure 2 , the decoupling of GDP and CO2 emissions is observed since 2005. 
The Energy Intensity Factor (EI)
As for the EI factor, it must be emphasized that EI behaved as the major inhibiting factor for CO2 emissions, which means that improved efficiency of energy use plays a significant role in diminishing CO2 emissions. As Figure 1 shows, during 1995-2009, EI does not follow a regular pattern; in most years, the values are negative, which contributes positively to reducing CO2. However, in 1997 However, in , 1999 However, in , 2000 However, in , 2002 However, in , 2006 However, in , and 2009 , the values are positive. Moreover, combined with the changes in CO2 emissions, we divided the six years into two different categories and analyzed them respectively. The first category includes 1997, 1999, and 2000. In these years, the changes in CO2 emissions are negative which implied that the positive value of EI positively contributes to diminishing CO2. In the second category, in 2002, 2006, and 2009, the EI factor increased CO2 emissions. This is mainly explained by two reasons: China's accession to the WTO and the process of urbanization and industrialization in China.
To find a regular pattern of this factor, the disaggregated values for the 33 sectors included in the WIOD are shown in Table A1 . According to Table A1 , the behavior of the EI factor can be analyzed by sectors. Through comparative analysis between the different years and sectors, some interesting results are obtained.
In most years, the value of EI was negative for CO2 emissions except 2002, 2006, and 2009 . This shows that in most years during the study period, the factor of EI play a critical role in decreasing CO2 emissions. In these three years, a series of energy-saving and emission-reduction policies were launched and energy saving advanced technology was widely applied. Specifically, the Laws of Saving on Energy Resources in Peoples' Republic of China (PRC) and the Notice on Further Support for the Development of New Energy and Renewable Energy were implemented in 1998. In addition, the Renewable Energy Law of PRC was published in 2005. The implementation of these policies 
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To find a regular pattern of this factor, the disaggregated values for the 33 sectors included in the WIOD are shown in Table A1 . According to Table A1 , the behavior of the EI factor can be analyzed
by sectors. Through comparative analysis between the different years and sectors, some interesting results are obtained.
In most years, the value of EI was negative for CO 2 emissions except 2002, 2006, and 2009. This shows that in most years during the study period, the factor of EI play a critical role in decreasing CO 2 emissions. In these three years, a series of energy-saving and emission-reduction policies were launched and energy saving advanced technology was widely applied. Specifically, the Laws of Saving on Energy Resources in Peoples' Republic of China (PRC) and the Notice on Further Support for the Development of New Energy and Renewable Energy were implemented in 1998. In addition, the Renewable Energy Law of PRC was published in 2005. The implementation of these policies played a positive role in improving energy efficiency, reducing carbon emissions, protecting and improving the environment.
In terms of sectors, the Electricity, Gas and Water Supply sectors and the Basic Metals and Fabricated Metal sectors are the two key economic sectors that influence the symbol of the EI effectively, followed by the sectors of Chemicals and Chemical Products, Other Non-Metallic Minerals, and Mining and Quarrying. Furthermore, we calculated the energy intensity in the 33 sectors and found the average energy intensity of Electricity, Gas and Water Supply sector was 230.5 TJ/million 1995 US dollars, the highest and far more than the other sectors that we have mentioned above. This further illustrates that the Electricity, Gas and Water Supply sector plays a crucial role in diminishing China's total carbon emissions. Therefore, from an energy policy perspective, efforts should not only focus on the power sector but also on those sectors that are major electricity consumers. Figure 3 represents the main electricity consuming sectors. Deeper research reveals the main electricity consuming sectors include Basic Metals and Fabricated Metal (which share 22.7% in total electricity consumption, average value between 1995 and 2009), in addition to Chemicals and Chemical Products (12.4%), Mining and Quarrying (7.4%), Other Non-Metallic Minerals (6.9%) and Agriculture, Hunting, Forestry and Fishing (4.8%). Therefore, any improvement in energy efficiency in these sectors will help to cut energy consumption in the power sector, thus reducing carbon emissions. played a positive role in improving energy efficiency, reducing carbon emissions, protecting and improving the environment. In terms of sectors, the Electricity, Gas and Water Supply sectors and the Basic Metals and Fabricated Metal sectors are the two key economic sectors that influence the symbol of the EI effectively, followed by the sectors of Chemicals and Chemical Products, Other Non-Metallic Minerals, and Mining and Quarrying. Furthermore, we calculated the energy intensity in the 33 sectors and found the average energy intensity of Electricity, Gas and Water Supply sector was 230.5 TJ/million 1995 US dollars, the highest and far more than the other sectors that we have mentioned above. This further illustrates that the Electricity, Gas and Water Supply sector plays a crucial role in diminishing China's total carbon emissions. Therefore, from an energy policy perspective, efforts should not only focus on the power sector but also on those sectors that are major electricity consumers. Figure 3 represents the main electricity consuming sectors. Deeper research reveals the main electricity consuming sectors include Basic Metals and Fabricated Metal (which share 22.7% in total electricity consumption, average value between 1995 and 2009), in addition to Chemicals and Chemical Products (12.4%), Mining and Quarrying (7.4%), Other Non-Metallic Minerals (6.9%) and Agriculture, Hunting, Forestry and Fishing (4.8%). Therefore, any improvement in energy efficiency in these sectors will help to cut energy consumption in the power sector, thus reducing carbon emissions. 
Economic Structure (ES)
As shown in Figure 1 , as a determinant of the CO2 emissions variation, the ES factor has failed to show a consistent trend. In six of the fourteen years studied, it showed a negative value. Specifically, this factor has contributed to an increase in CO2 emissions in China except in 1996, 2000, 2001, 2006, 2008 and 2009 . Table A2 shows the ES weight factor for the 33 industrial sectors during 1995-2009. By comparing the decomposition value of each sector, we find the Electricity, Gas and Water Supply sector was the most influenced sector to the contribution of this determinant. Figure  A1 represents the average proportions of Energy consumption by different industry sectors from 1995 to 2009. It indicates that sector 17, the Electricity, Gas and Water Supply sector, accounts for around 34% of the total energy consumption. Furthermore, according to the China Energy Statistical Yearbook [66], about 80% of China's electricity comes from coal-fired power production. This indicates that proportional consumption of coal in China directly determined carbon emissions.
From the perspective of the output of the 33 sectors, more powerful evidences illustrates that during 1995-2009, the economic structure has not been optimized as expected. Figure 4 represents 
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that with growing proportion accompanied higher energy intensity. In Sector 12, for example, the average of energy intensity during the period 1995-2009 was as high as 29.2 TJ/millions dollars. On the contrary, the sectors with declining proportion often accompanied lower energy intensity. For instance, the average of energy intensity of sector 19 was 2.7 TJ/millions dollars, less than one-tenth that of sector 12.
Through horizontal and vertical comparison, we can conclude that the economic structure in China is irrational. This is specifically manifested in the following two aspects: the large and growing proportion of heavy industry, and relatively low levels and glacial growth of tertiary industry. This trend of economic structure means lower energy efficiency and more CO2 emissions. 
The Carbon Intensity (CI) and Population (P) Factors
Regarding the CI factor, it must be stressed that this factor captures the cleanliness of China's energy matrix. As Figure 1 shows, the CI does not follow a regular pattern from 1995 to 2009; and the overwhelming majority of years are negative which positively contributes to diminishing CO2 emissions. However, for 1998 and 2004, it is positive which indicates CI increased CO2 emissions. The underlying cause may be the sharp increase demand for coal in the Basic Metals and Fabricated Metal sector. Note that the values in 1997, 1999 and 2000, even though they were positive, CI actually reduced CO2 emissions, which was explained by the negative value of CO2 emissions variation. Therefore, in general, CI plays a role in reducing CO2 emissions in China, despite the effect is weak. To achieve a better understanding of this factor, a richer analysis based on Table S3 and Figure 5 may be conducted. 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 Through horizontal and vertical comparison, we can conclude that the economic structure in China is irrational. This is specifically manifested in the following two aspects: the large and growing proportion of heavy industry, and relatively low levels and glacial growth of tertiary industry. This trend of economic structure means lower energy efficiency and more CO 2 emissions.
Regarding the CI factor, it must be stressed that this factor captures the cleanliness of China's energy matrix. As Figure 1 shows, the CI does not follow a regular pattern from 1995 to 2009; and the overwhelming majority of years are negative which positively contributes to diminishing CO 2 emissions. However, for 1998 and 2004, it is positive which indicates CI increased CO 2 emissions. The underlying cause may be the sharp increase demand for coal in the Basic Metals and Fabricated Metal sector. Note that the values in 1997, 1999 and 2000, even though they were positive, CI actually reduced CO 2 emissions, which was explained by the negative value of CO 2 emissions variation. Therefore, in general, CI plays a role in reducing CO 2 emissions in China, despite the effect is weak. To achieve a better understanding of this factor, a richer analysis based on Table S3 and Figure 5 may be conducted. Table A3 represents the total primary energy consumption in China and Figure 5 
. Moreover, the ratio of electricity consumption has grown from 6.5% to 9.5% during the research period. During the sub-period of 1999-2003, the CI factor is negative, thus coinciding with years when there was less use of coal as a primary energy source, an increasing use of electricity and RES. In particular in 2001, China's energy mix is cleaner with the higher ratio of RES and gas, which partly replace coal and petroleum products.
As Figure 5 shows, the main contribution of RES is hydroelectric power, which accounts for 90.8% in 1995 and 81.9% in 2009. Compared with other countries in the developed world (USA, France, Spain) or developing world (Mexico, South Africa and India), China's hydropower production has risen sharply [67] . In addition, the ratio of solar, wind and nuclear increased. Since 1995, China paid more attention to the development of RES and launched a series of policies to promote the utilization of RES. In wind power, for example, the National Economic and Trade Committee, National Development and Reform Commission, and Ministry of Finance of China formulated and published some preferential policies for wind power generation in 1999, 2005 and 2008 [68, 69] . In general, the energy mix in China became cleaner, which helps reduce total CO2 emissions. The role of population in CO2 emissions has been researched extensively in the literature. As Figure 1 shows, demographic growth has contributed to increased CO2 emissions in China during the study period. Furthermore, from 2002 to 2008, the contribution rate of the population to CO2 emissions declines continuously, which coincides with the reduction of natural population growth rate. However, compared with the EA factor and ES factor, the effect of population on CO2 emission was obviously weak. These results are consistent with those of previous studies [21, 52] .
Conclusions and Policy Implications
The period of 1995-2009 witnessed the fast growth of China's economy, along with an increased use of fossil fuels and corresponding increase in CO2 emissions. From the perspective of 33 sectors, this paper investigated the factors influencing changes in CO2 emission and emphasized on the role of renewable energy system or RES. The main results of the study are as follows:
Economic activity played a significant role in increased CO2 emissions. Over the research period, 35.77% of the variation in CO2 emissions was caused by economic growth. However, the link between economic growth and CO2 emissions has changed from 2004. This means that since 2004, a green economic development model has gradually formed and economic growth is no longer directly linked to the cost of large energy consumption and high carbon emissions. Table A3 represents the total primary energy consumption in China and Figure 5 shows the gross renewable energy use in China. An interesting discussion can result from examining these two. From Table A3 , it can been seen, RES showed a weak upwards trend during the study period, in particular, the percentage of RES rose from 1.7% in 1995 to 2.4% in 2009. Meanwhile, the proportion of solid fuels used in total energy decreased from 61% in 1995 to 57% in 2009, even though its absolute value was increasing. Moreover, the ratio of electricity consumption has grown from 6.5% to 9.5% during the research period. During the sub-period of 1999-2003, the CI factor is negative, thus coinciding with years when there was less use of coal as a primary energy source, an increasing use of electricity and RES. In particular in 2001, China's energy mix is cleaner with the higher ratio of RES and gas, which partly replace coal and petroleum products.
As Figure 5 shows, the main contribution of RES is hydroelectric power, which accounts for 90.8% in 1995 and 81.9% in 2009. Compared with other countries in the developed world (USA, France, Spain) or developing world (Mexico, South Africa and India), China's hydropower production has risen sharply [67] . In addition, the ratio of solar, wind and nuclear increased. Since 1995, China paid more attention to the development of RES and launched a series of policies to promote the utilization of RES. In wind power, for example, the National Economic and Trade Committee, National Development and Reform Commission, and Ministry of Finance of China formulated and published some preferential policies for wind power generation in 1999, 2005 and 2008 [68, 69] . In general, the energy mix in China became cleaner, which helps reduce total CO 2 emissions.
The role of population in CO 2 emissions has been researched extensively in the literature. As Figure 1 shows, demographic growth has contributed to increased CO 2 emissions in China during the study period. Furthermore, from 2002 to 2008, the contribution rate of the population to CO 2 emissions declines continuously, which coincides with the reduction of natural population growth rate. However, compared with the EA factor and ES factor, the effect of population on CO 2 emission was obviously weak. These results are consistent with those of previous studies [21, 52] .
The period of 1995-2009 witnessed the fast growth of China's economy, along with an increased use of fossil fuels and corresponding increase in CO 2 emissions. From the perspective of 33 sectors, this paper investigated the factors influencing changes in CO 2 emission and emphasized on the role of renewable energy system or RES. The main results of the study are as follows:
Economic activity played a significant role in increased CO 2 emissions. Over the research period, 35.77% of the variation in CO 2 emissions was caused by economic growth. However, the link between economic growth and CO 2 emissions has changed from 2004. This means that since 2004, a green economic development model has gradually formed and economic growth is no longer directly linked to the cost of large energy consumption and high carbon emissions.
Economic structure was another contributor to increased CO 2 emissions. Deeper analysis reveals that the sector of Electricity, Gas and Water Supply was the most influenced sector to the contribution of this determinant. This was followed by the sectors of Chemicals and Chemical Products, Basic Metals and Fabricated Metal and Other Non-Metallic Mineral, which were characterized by low energy efficiency. In general, because of the progress of industrialization and urbanization, the economic structure factor has not been optimized. In contrast, it shows a rising trend in the proportion of heavy industry.
Energy intensity and energy mix were the two key factors in reducing total CO 2 emissions. The role of energy intensity is particularly prominent. In terms of sectors, the Electricity, Gas and Water Supply sector and the Basic Metals and Fabricated Metal sector are the two key economic sectors that influence the symbol of the EI effectively, followed by the sectors of Chemicals and Chemical Products, Other Non-Metallic Mineral and Mining and Quarrying. During the study period, the total energy intensity has greatly improved which inhibits an increase in CO 2 emissions. With regard to the energy mix, the declining ratio of solid fuels along with the increased ratio of RES, particularly hydropower, makes the energy structure optimized. Thus, a cleaner of energy mix helps reduce total CO 2 emissions.
In accordance with the results obtained, two types of energy policy recommendations are put forward over the forthcoming years:
First, special attention should be paid to the power sector because of its determinant role in the behavior of the EI factor for the entire group of 33 sectors. There are two measures to reduce the energy intensity of the power sector: one is to improve the energy efficiency in these main electricity consumers, such as the Basic Metals and Fabricated Metal sector, the Chemicals and Chemical Products sector, and the Mining and Quarrying sector. The other is the adoption of clean power, namely reducing the proportion of coal-based power production and, controlling the proportion of the hydropower production, while increasing the production capacity of nuclear power, wind power and solar power. The reasons for controlling the production capacity of hydropower are that hydropower has reached its limit and there is increasing concern for the protection of the environment. Therefore, policy makers should focus on the development of wind and solar power.
Second, the industrial structure needs to be conscientiously optimized. There are three main methods to achieve this goal. The first method is inhibiting the excessive growth of high-carbon industry and improving sector productivity, particularly in sectors with high-energy intensity, such as the Coke, Refined Petroleum and Nuclear Fuel sector. The second is to upgrade traditional manufacturing industries with advanced technologies and encourage the export of surplus production capacity with relative competitiveness. The last approach will vigorously develop strategic emerging industries and services through continual liberalization of the market. 
